Abstract-A silicon-based polarization analyzer by polarization-frequency mapping is put forward. The basis vectors of polarization are mapped to two frequencies by thermally-tuned phase shifters. The SOPs are retrieved from the frequency domain. The proposed polarization analyzer is demonstrated experimentally and can measure SOPs in entire C-band. The scheme is compatible with CMOS fabrication process, making it possible to be integrated with other silicon-based devices monolithically.
INTRODUCTION
Polarization is one of the fundamental properties of light, and has be widely applied in optical communications and materials characterizations. Measuring states of polarizations (SOPs) is a fundamental requirement for these applications [1] . To date, most of the traditional methods of polarization analysis are based on combined spatial elements such as polarizers, wave plates, and detectors, which make the system bulky and complex [1] . The integrated methods are mainly realized by plasmonic nanostructures or metasurfaces [2] [3] [4] , while the silicon-based polarization analyzers are rarely reported.
Inspired by the polarization-mode-frequency mapping techniques in our previous works [5] [6] [7] [8] , a silicon-based polarization analyzer by polarization-frequency mapping is put forward. The basis vectors of polarization are mapped to two frequencies by thermally-tuned phase shifters. The SOPs are retrieved from the frequency content. The proposed polarization analyzer is demonstrated experimentally and can measure SOPs in entire C-band. It shows great potentials for polarization measurement and monitoring in both space optics and silicon photonics. MZIs, respectively. The role of phase shifters is to add two different frequency shifts on the two polarization components and the rest beams in the other arms of MZIs offer a reference frequency. Here, the reference light is variational and dependent on the input polarization. After combining the four beams at the output, the three frequencies will beat with each other and the polarization information can be retrieved by analyzing the frequency content.
EXPERIMENTAL REALIZATION
An experiment is carried out to demonstrate the scheme. The experimental setup is presented in Fig. 2 . The light emitted from a laser (wavelength of 1550 nm) is coupled into the free space by a single mode fiber (SMF) and a lens. The polarization controller (PC) before the lens is used to tune the polarization direction to match the direction of polarizer (Pol.). After the polarizer, a rotatable half wave plate (HWP) is employed to tune the input SOP. Then the light is coupled back to a SMF and incident upon the chip. A two-channel arbitrary waveform generator (AWG) is used to apply two electronic signals to the two thermally-tuned phase shifters respectively, which induces different frequency shifts to the corresponding beams. In the experiment, two triangular wave signals at 1 kHz and 4 kHz are used to drive the phase shifters respectively. The beams at different frequencies will beat with each other, and the polarization components p and s will be mapped to two beating signals at 1 kHz and 4 kHz respectively. The beating signals can be collected by a PD and displayed by an oscilloscope (OSC). By frequency analysis on the received power signals, the SOP of input light can be recovered. The final measured results are shown in Fig. 3 with Poincaré sphere. The blue pentacles and the red solid circles represent the theoretical results and the measured results respectively. One can see that the measured results match well with the theoretical predictions. The measured frequency spectra with insets correspond to the input SOPs in Poincaré sphere. We can see that the power ratio of harmonics at 1 kHz and 4 kHz is varying from infinity to 0, then to infinity again along the equator line. And the phase difference is invariable or is changed by π. In theory, the chip allows the one-to-one mapping of SOPs in the Poincaré sphere, into the frequency spectra. It proves that the proposed polarization analyzer has the ability to measure the SOP of light by polarization-frequency mapping.
CONCLUSION
In conclusion, we have demonstrated a silicon-based polarization analyzer by polarization-frequency mapping. The operation band covers the entire C-band. The scheme is silicon-based and compatible with traditional CMOS process, making it possible to be integrated with other silicon-based devices to a monolithic chip.
